Purpose: The association of chronic lymphocytic leukemia (CLL) with health-related quality of life (HRQoL) is rarely studied globally. This study evaluated the psychometric properties of the EORTC-Chronic Lymphocytic Leukaemia (CLL17 [phase III]) module, a newly developed assessment on CLL patients' HRQoL, among Chinese CLL patients.
Introduction
Chronic lymphocytic leukemia (CLL) is the most common leukemia among adults, affecting the white blood cells that develop slowly over time [1] . In the United States, the National Cancer Institute reported that the number of new cases of CLL was 4.9 per 100,000 that annually caused 1.2 per 100,000 deaths [2] . Cancer Research United Kingdom stated that between 2014 and 2016, nearly 1% of the total cancer cases reported in the UK included people living with CLL [3] . In Asian countries, including China, although the CLL was less common than western countries, the prevalence is increasing dramatically in recent years. According to the latest research reported by China's National Cancer Centre, lymphoma was found to be one of the top ten causes of cancer death in cities, and one of the top ten most common cancers among men. CLL, as one of the most common lymphomas, is estimated to affect an increasing number of the Chinese population [4] . Since the incidence rate of CLL rises with age, and aging is becoming an increasingly significant problem in China, the morbidity and mortality of CLL are expected to rise rapidly in the next few decades [5] . Hence, even though the prevalence of CLL is not "high" for now, it still deserves attention and research from academia.
In the last two decades, the treatment of CLL has dramatically improved and significantly extended patients' life expectancy [1, 6] . The National Institute of Health reported that from 2009 to 2015, the five-year survival rate of CLL was 85.1%, which is higher than most other cancers for both males and females in the U.S. [2] . Compared with the flourishing studies on treatments of CLL disorders, research assessing the health-related quality of life (HRQoL) of CLL patients is scarce. Although some have encouraged the adoption of cancer-specific measures, such as EORTC QLQ-C30 [7] , to assess CLL patients' HRQoL in previous studies, others have argued that these may be unsuitable for measuring the effectiveness of interventions or policies focusing on CLL care due to the bias and uncertainties brought up by non-CLL specific measures [8] . Recently, the application of FACT-Lymphoma (FACT-L), an instrument developed to assess the HRQoL of patients living with all types of lymphoma, has increased [9] [10] [11] . However, lymphoma has many different subtypes, such as Hodgkin's Lymphoma, Non-Hodgkin's Lymphoma, and so on. Each subtype is unique with its own causes, symptoms, and methods of treatment, and thus its impact on patients' HRQoL may also differ. Whereas the FACT-L can assess the overall HRQoL of lymphoma patients, the nuances in differences among patients with different subtypes may not be detected. It is, therefore, imperative to develop a set of scales to assess a disease-specific HRQoL among patients with different subtypes of lymphoma.
Recently, a growing number of targeted therapies (e.g., ibrutinib, idelalisib, venetoclax, obinutuzumab), used as a monotherapy or in combination, have been introduced for CLL treatment. As the 2020 updated recommendations on CLL diagnosis and treatment suggest, there is an "impressive and historically unique chance" for the long-term control of the disease. To achieve this, CLL management is also critical besides clinical trials [12] . Accordingly, the assessment of CLL patients' HRQoL by using a disease-specific measure seems imperative. Moreover, it has also been argued that the use of general measures, such as the SF-12, may limit a full appraisal of outcome difference between arms in clinical trials [13] . With a standardized and validated HRQoL scale, the sensitivity to detect functional limitations and symptoms in future trials on CLL patients is expected to increase.
In 2018, the Quality of Life Group of the European Organisation for Research and Treatment of Cancer (EORTC) developed a series of lymphoma-specific measures to assess the HRQoL of patients with different types of lymphoma [13] . Among them, EORTC QLQ-CLL17 (CLL17), a CLLspecific scale, was introduced. Although the scale is in phase III of development, which means that it can be used for validation within different social and cultural contexts but should not be regarded as the final version of the scale, it has been reported to have good reliability (the Cronbach's alpha ranges between 0.85 and 0.88) and validity when using a sample of 86 participants from five Western countries [13] . The new scale provides an advanced assessment of the HRQoL, including both the physical and mental dimensions of patients living with CLL. In China, although the population of patients affected by CLL has expanded in recent years [5] , studies on the impact of CLL on patient's HRQoL are still nascent. It is important to provide a valid, reliable, and responsive measure to evaluate the impact of CLL and associated interventions on the HRQoL changes. Therefore, this study evaluated the psychometric properties of CLL17 among Chinese CLL patients using the methods based on both classical traditional theory (CTT) and item response theory (IRT).
Method

Study design and participants
A cross-sectional study was conducted to survey the medical, social, and economic status of people affected by rare diseases in China, which was approved by the Chinese University of Hong Kong Institutional Review Board committee (Ref No.: SBRE-18-268). In all, 4225 patients with lymphoma participated in the survey and completed the questionnaire. Of these, data from 318 patients who reported having CLL were used in this study. The inclusion criteria were patients 1) who were ≥ 18 years old, 2) with a confirmed clinical diagnosis of CLL, 3) who could complete the questionnaire independently, and 4) were native Chinese speakers. Patient with cognitive problems were excluded from the survey. Respondents belonged to 30 of the total 34 provinces of China and were aged between 26 and 82 years. All the CLL patients were recruited via House086, the largest national lymphoma patient organization in China, between May and July 2019. House086, established in 2011, aims to help patients with all types of lymphomas in China and currently has more than 40,000 registered members (lymphoma patients and their families only). The survey was conducted online. All participants were asked to read the consent form presented on the first page of the online survey. If they agreed to participate, they clicked "next page" and were directed to the main body of the questionnaire.
The questionnaire comprised seven parts, which included demographics, HRQoL, social support, and others. Respondents resided in 30 provinces across China, and the three largest groups were from Jiangsu (29 respondents), Henan (24 respondents), and Zhejiang (23 respondents). All responses were recorded anonymously and treated with strict confidentiality. The sample size was calculated based on the assumption of conducting psychometric evaluation [14, 15] . Considering that CLL is listed as a rare disease in China, a minimum sample of 200 was needed.
The instrument -EORTC CLL17 Chinese version
The CLL17 module is a supplementary questionnaire module to be employed in conjunction with the EORTC-C30 to evaluate the HRQoL of patients living with CLL. The CLL17 comprises 17 items divided into three subscales: 'Symptom burden' (SB, 6 items, 1-6), 'Physical condition/ fatigue' (PC, 4 items, 7-10), and 'Worries/fears about the health and functioning' (WF, 5/7 items, 11-17, the last two items are required only when the patients' conditions are applicable). The questions are answered using a 4-point response scale (1 = Not at all, 2 = A little, 3 = Quite a bit, 4 = Very much) to indicate the extent of the problem experienced by the respondents for each item during the past week(s) [13] . The scores of each subscale are calculated based on the EORTC's protocol and then transformed to a 0-100 scale. The first step is calculating a raw score for each subscale (Raw score = {(I 1 + I 2 + … I n )/n}, I 1 is the item 1, n is the number of the item in that subscale). The second step is linear transformation to obtain the standardized score S (0-100, S = {Raw score − 1}/range} *100). The simplified Chinese version of CLL17 (CLL17-C) was provided by the developer team through EORTC. It was translated by a professional translation service provider, specializing in the translation of patient-reported outcome measures. They followed the standard EORTC translation process as described in the EORTC's Translation Manual (The Manual is available under request). Translators were selected following ISO requirements.
Data analysis
In this study, data were analyzed based on the methods from both CTT and IRT using R (R foundation, Austria). The p-value was set at ≤0.05. The demographic data are reported as percentages, means, standard deviations (SD), and ranges. The feasibility of the questionnaire was evaluated based on the calculation of the percentage of missing data and the time to complete the questionnaire. The ceiling and floor effects, which reflect the majority of the values occurring at the upper or bottom limit of the scale, were calculated (< 15% is acceptable [16] ).
For the CTT methods, the internal consistency reliability was reported, which included 1) Cronbach's alpha coefficient (α), α > 0.7 was considered as acceptable [14] , and 2) the item-total correlation coefficient, wherein an item with a low corrected item-total correlation (r < 0.3) was considered to be removed from the scale [17] . Confirmatory factor analysis (CFA) was used to evaluate the dimensionality of CLL-C. The comparative fit index (> 0.90), Tucker-Lewis index (> 0.90), standardized root mean square residual (< 0.08), and root mean square error of approximation (< 0.08) [14] were used to evaluate the performance of the scale. The EuroQol five-dimension fivelevel (EQ-5D-5 L) and the EORTC QLQ-C30 were used to evaluate the convergent validity of CLL-C. The EQ-5D is the most commonly used generic instrument to describe and value health worldwide. It has five dimensions (Mobility, Self-care, Usual activities, Pain/Discomfort, and Anxiety/depression), and each dimension has three (3 L) or five (5 L) levels. The combinations of the dimensions and levels could generate a single summary index score for health status used in the economic evaluation of health care interventions [18] . The EORTC QLQ-C30 is a questionnaire developed to specifically assess the quality of life of cancer patients [19] . It has five functional scales (Physical, Role, Cognitive, Emotional, and Social Functioning), three symptom scales (Fatigue, Pain, and Nausea/Vomiting), a Global Health Status scale, and six single items (Constipation, Diarrhea, Insomnia, et al.). Scores for each scale range from 0 to 100. For functional scales and Global Health Status, a higher score indicates better functioning or HRQoL. However, for symptom scales and single items, a higher score indicates worse status.
For the IRT evaluation, a multidimensional extension of the generalized partial credit model (GPCM) was applied [20] , which means the discrimination of all the items were estimated separately. The key assumptions, i.e., monotonicity (item-category characteristic curves, ICCs) and local dependence (discrimination< 4), were confirmed with the analysis. The indicators of difficulty (b), discrimination (a), and item fit (the p-value of S-χ 2 < 0.05) were calculated for each item, along with the item information curves (IICs) and test information curve (TIC) [21] . Furthermore, differential item functioning (DIF) was also checked for possible item bias caused by responses from different subgroups (sex and age group) in the sample, followed by the Monte Carlo simulated empirical criteria [17] . The detailed information of DIF detection can be found in Choi et al. [22] .
Results
Demographics Table 1 presents the demographics of the respondents. In total, 318 respondents completed the questionnaire with a mean age of 55 years (26~82 years). About 61.9% were male, 45.6% received a tertiary or above educational certificate, and 40% were retired. Moreover, the average duration of the lymphoma was 3.91 years (SD = 3.05).
Feasibility
The percentage of the missing data at the item level was zero. Given that the CLL-C was embedded in a survey to investigate the health conditions of the lymphocytic patients, estimating the exact time required to complete the CLL-C was impossible. However, based on our pilot study, and the responses from some participants, the time to complete the CLL-C was less than 5 min, which is entirely acceptable. Table 2 shows the item statistics and internal consistency reliability of CLL-C. Item 15 (WF subscale) had the highest average score (2.94), whereas item 7 (PC subscale) had the lowest average score (1.66). There were, overall, 10 items with an average score greater than 2 points [1] [2] [3] [4] . The Cronbach's alpha for the overall was 0.92. For SB, PC, and WF, α was 0.81, 0.85, and 0.91, respectively. Additionally, 12/17 items had α ≥ 0.85. The value of the item-total correlation coefficient ranged between 0.46 and 0.72, and all reached the predefined criteria. No item violated the assumption that α would be smaller without a particular item. The ceiling effect for items ranged from 1.88 to 34.27% (6/17 presented ceiling effect), whereas the floor effect ranged from 5.35 to 41.82% (12/17 presented floor effect).
Item statistics and reliability
Construct validity
The result of CFA supports the three-subscale construct of CLL-C. However, the model of 15 items (without items 16 and 17) showed a better performance than the model of 17 items (Table 3) . Table 4 presents the results of known-group validity. We identified that patients receiving treatment were prone to report a higher score (low HRQoL) on all three subscales. The scores of SB and PC correlated significantly with treatment for CLL patients.
Convergent validity
Compared with EQ-5D-5 L, there was a strong correlation between WF and anxiety/depression of EQ-5D-5 L (r = 0.573), followed by the correlation between SB and pain/discomfort (r = 0.473). Compared with QLQ-C30, the PF of CLL-C correlated strongly with fatigue (r = 0.713), and SB and PF of CLL-C seem to have a closer relationship with domains of QLQ-C30 than the WF. All the correlation coefficients were statistically significant ( Table 5) . Table 6 indicates the discrimination and difficulty parameters for CLL-C. The discrimination of 17 items ranged between 0.761 and 3.877. The value of items 2, 3, 8, 10, 11, 12, 13, and 15 fell within the range greater than 3.0, which indicates that these items can distinguish individuals with either lower or higher HRQoL, corresponding with the latent trait sensitively. The p-value of S-χ 2 indicates that all the items fit the scale, except for item 7 (p-value = 0.05), which might have a minor misfit. reflected the different (high, moderate, and low) levels of discrimination of all items. Item 15 had the highest discrimination (a = 3.877), item 9 was moderate (a = 2.603), and item 6 had the lowest discrimination (a = 0.761). Although the order of categories' thresholds for most items (e.g., item 9 and item 15) was good (the interaction of 'harder' options had a higher theta value than the interaction of 'easier' options), the thresholds for very few items (e.g., item 6) had an overlap among the response categories, which led to those categories offering little in terms of placing a respondent on the scale. For the location parameter, the response category for item 15 was endorsed at lower levels of the latent trait (WF), but items 9 and 6 were endorsed at higher levels (PC and SB). All the Item-category characteristic curves are shown in the supplementary file. show item and test information curves for three subscales separately. Information function curves demonstrate the precision and information provided by each item [23] . These curves graphically present the information functions of all the items on a scale, demonstrating the precision of a scale across different levels of the targeted latent trait [15] . Items 2 and 3 in the SB subscale, and items 8 and 10 in the PC subscale provided more information than the other items. For WF, however, items 16 and 17 seem to provide the least information. The test information curves were sufficiently informative for the middle level of the latent trait with the range of theta from 1 to 2.5, 1.5 to 2.5, and − 0.5 to 0.5 for SB, PC, and WF, respectively. For SB and PC, the overall distribution of information revealed that the subscales provided more information alongside the trait region associated with theta ranges between zero and six; however, for WF, more than half of the information was provided alongside the trait region associated with theta ranges between − 6 and zero.
IRT analysis -model fit
IRT analysis -item-category characteristic curves
IRT analysis -information function curves
DIF analysis
Item 17 showed a uniform DIF when considering the respondents from different age groups. It revealed that the concerns about continuing to work or study improve with increased age for CLL patients even when they report the same levels of WF. However, when looking at differences in pseudo-R 2 values, the magnitude of R 2 is smaller than 0.13, suggesting that the effect size of DIF is very negligible [24] . The figure of DIF is presented in the supplementary file. The score or global health status and functional scales of QLQ-C30 and utility of EQ-5D-5 L were reversed: a higher score means a better status and a lower score means a worse status * p< 0.05; ** p< 0.01; *** p< 0.001 Discussion CLL-C is a new and valid instrument developed by EORTC to assess the HRQoL in patients with CLL [13] .
Our study used its simplified Chinese version and evaluated its psychometric properties. Our results indicate that the reported mean scores of SB and PC were similar to the mean scores reported by patients using the original English version [13] . For the WF (emotional subscale), however, the mean score was much higher than the scores reported in the original study for both with and without items 16 and 17. Previous studies identified CLL as one of the most common forms of leukemia in Western countries, accounting for 25% of all leukemia in adults. However, in Asian countries, including China, CLL is rare [25] . Regarded as a rare disease in China, patients diagnosed with CLL are prone to experience more emotional burden or depression than their Western counterparts. Discussions about such relationships may go beyond the purpose of this study. Therefore, further investigations are encouraged. Our psychometric evaluation demonstrates that the multi-trait scaling structure of CLL17-C is generally similar to that of its original English version [13] . The CLL17-C has good internal consistency reliability, as supported by both Cronbach's alpha and item-total correlation coefficient. Moreover, statistically significant correlations between the subscales of CLL17-C, the EQ-5D-5 L, and QLQ-C30 suggest that the subscales of CLL17-C could assess the distinct components of the construct of HRQoL. For the known-group validity, the results also meet our expectations that the patients who received clinical interventions got higher scores on CLL17-C (worse status). The findings suggest that CLL17-C is capable of distinguishing patients based on the severity of their health status.
Based on the results of the IRT analysis, using the polytomous extension of the S-χ2 analysis, none of the items of CLL17-C were identified as a misfit at p-value < 0.05 after controlling the type I error rates [26] . The slope estimates of the 17 items ranged from 0.76 to 3.877 (12/17 greater than 1.5), indicating a modest variation in item discrimination. As expected, the higher categories have higher item locations, indicating the endorsement of severe HRQoL problems. For SB, b1 ranged between − 1.317 and − 0.286, b2 ranged between 0.634 and 2.634, and b3 ranged between 1.697 and 2.515. For PC, b1 ranged between − 1.226 and − 0.290, b2 ranged between 0.797 and 1.979, and b3 ranged between 0.727 and 2.340. For WF, b1 ranged between − 1.707 and − 1.143, b2 ranged between − 0.374, and 1.043 and b3 ranged between 0.329 and 1.268. However, WF items were much 'easier' to answer than the items of SB or PC. In other words, the CLL patients in our sample experienced emotional burdens more than physical discomfort. Moreover, although the discrepancy was not large, the thresholds of categories between b2 and b3 for items 1, 4, and 6 (SB sub-scale) were disordered. This might suggest that the response category "quite a bit" did not work consistently as intended in SB. However, considering our limited sample size, the different mechanism of parameter estimation using different IRT models [27] , and no similar comparisons could be found around the world. Currently, it would be incorrect to conclude that the SB subscale of CLL17-C is not psychometrically sound. Further revisions are needed through more explorations.
The item information provided by SB, PC, and WF ranged from 2.24 to 9.49, 4.53 to 10.96, and 2.28 to 11.64, respectively. Based on Nunnally's suggestion that values of information from 3.3 to 10 correspond to the Cronbach's alpha ranges from 0.70 to 0.90 [28] . Therefore, the majority of the items indicate acceptable reliability. Items 4 (information: i = 2.58, α = 0.62), 6 (i = 2.24, α = 0.56), 16 (i = 2.28, α = 0.57), and 17 (i = 3.05, α = 0.68) may have some room for improvement. The TIC indicate that SB and PC had relatively smaller standard errors (SEs) at the high endpoint of theta than at the low endpoint of theta. However, for WF, the SEs were larger at both endpoints of theta, which mightindicate that when assessing the CLL, the WF subscale does not have a very reliable performance for patients with either high or low scores on emotional burdens related to CLL.
In this study, it is noteworthy that SB and PC items show a heavy ceiling effect, while there is an existence of a floor effect in the WF items. Moreover, the last two items of WF (items 16 and 17), which are not compulsory items, show both moderate ceiling and floor effects. Previous studies indicate that both the ceiling and floor effects are common in the HRQoL data [29] [30] [31] [32] . A series of studies using SF-6D report the floor effects in a wide variety of clinical settings, whereas a strong correlation between the ceiling effect [33, 34] and the EQ-5D data have been identified [29, 31] . The floor effect might weaken the subscales' ability (SB and PC) to capture the gains when patients have moderate or severe physical conditions or suffering. The magnitude of change experienced by CLL patients might be underestimated when using these two subscales, and the bias caused by the underestimation could potentially affect the evaluation of the effectiveness and efficiency of such interventions or policies. Similarly, the ceiling effect of items potentially threatens the responsiveness of WF, and the impacts are exactly the opposite of the floor effect. Currently, no other publications have reported the floor or ceiling effect of CLL17 in other language versions, and more information should be provided.
Item invariance is an important component of a good scale. If an item performed differently in subgroups after controlling for ability, the item is considered to have DIF [15] . To measure item invariance across different subsamples of the CLL17-C, we set the two variables, sex and age, as the anchor items for all three subscales. The results indicate that the items in the three subscales performed consistently on assessing the HRQoL in terms of sex. However, item 17 of WF demonstrated a minor DIF in terms of the age group (≤50, 51-60, ≥61), which indicates less discrimination (flatter slope) for respondents younger than 50 than respondents older than 61. In other words, when patients worry or have fears about their health and functioning, patients of different ages do not give consistent answers to item 17. Nguyen et al. indicated that the possible reason for detecting DIF was how the item was administered [15] . Given that the data for this study came from an online self-report survey, it is unclear whether the process of data collection created some bias compared with a traditional paper-based questionnaire. However, until now, no DIF analysis was reported based on CLL17, and no other information could be provided at this moment. We explain this finding with caution.
As discussed above, the performance of item 17 in the CLL17-C appeared controversial, which seemingly leads to some negative effects, especially using the IRT model, on the estimation of the HRQoL of CLL patients. First, although the CFA suggests that the structure of CLL17-C is generally similar to its original English version, the 15item (without items 16 and 17) version performed better than the full 17-item version. Secondly, the discrimination of item 17 was small (a = 1.022), indicating that item 17 may not differentiate patients with either higher or lower concerns about their work or education raised by CLL. Thirdly, the IIC demonstrates that item 17 provides the least information amongst all the items of CLL17-C.
Moreover, despite its negligible magnitude, item 17 shows a DIF in terms of age. The patients with CLL were usually older than patients reportedly living with other lymphomas. In our sample, the average age was 55 years. Whereas the participants' average age in the study on the development of the CLL original version was 69 years [13] . Other studies of CLL also reported a similar demographics of their study sample, for example, 64 years in a study conducted in HK and Singapore [25] , and 65 years reported by another UK study [35] . Thus, item 17, evaluating the impact of work and education on the HRQoL, may not provide useful information for CLL patients. However, since the CLL17 scale is still under the development of phase III, its final stage of development should include an improved version.
This study has some limitations. First, CLL patients with severe physical or psychological conditions might be underrepresented in our study. The absence of their information could lead to some bias in our results. Second, there is no golden standard or magical numbers that can be proposed to conduct the IRT analysis. The minimum requirement to test the questionnaire with polytomous response format was suggested to be 250 [36] ; however, larger sample sizes, such as ≥500, are recommended considering different test purposes and IRT model selection [37, 38] . Our potentially insufficient sample size may have brought some bias in examining the fit of the model and over-or under-estimations of the parameters. A larger sample will be approached in the future to obtain a more precise measurement of CLL17-C item characteristics. Third, a high proportion of our participants came from economically developed areas in China, which might have led to potential selection bias. Lastly, we could not approach the patients with low willingness to participate in the survey since the data came from a self-report online survey, possibly leading to some selection bias.
Conclusion
Although the treatments of CLL are fast developing, their effects on patients' HRQoL in long-term care are still ambiguous. Our findings expand the understanding of HRQoL among CLL patients using a specific patient self-report outcome measure. This study provided comprehensive insights on the psychometric properties of CLL17-C using CTT analysis supplemented with IRT methods in a sample of Chinese patients. Both approaches showed that the three subscales had acceptable reliability and validity. However, given the limited sample size and the potential selection bias, further assessment of the measurement's precision is encouraged to maximize the application of CLL17 regionally and internationally.
